Intracranial arteries of human fetuses are more resistant to hypercholesterolemia-induced fatty streak formation than extracranial arteries.
Atherosclerotic lesions in intracranial arteries occur later and are less extensive than in extracranial arteries. To investigate potential mechanisms responsible for this difference, in particular the atherogenic response to hypercholesterolemia and LDL oxidation, we compared the extent of fatty streak formation and the composition of these very early lesions in intracranial arteries of human fetuses from normocholesterolemic and hypercholesterolemic mothers with those in extracranial arteries. Lesions were quantified by computer-assisted image analysis of 30 oil red O-stained sections, each from the middle cerebral, basilar, and common carotid arteries and the abdominal aorta of human fetuses (spontaneous abortions and premature newborns who died within 12 hours of birth; both of fetal age 6.2+/-1.3 months) from 43 hypercholesterolemic mothers and 34 normocholesterolemic mothers. Macrophages, apolipoprotein B, and 2 epitopes of oxidized LDL in lesions were determined immunocytochemically. Activities of superoxide dismutase, catalase, and glutathione peroxidase in the arterial wall were also determined. Lesion numbers and sizes were dramatically greater in the abdominal aorta (area of the largest lesion per section: 66.5+/-10.9 x10(3) microm2) and the carotid (11. 6+/-5.3 x10(3) microm2) than in the basilar and middle cerebral artery (0.4+/-0.1 and 0.8+/-0.2 x10(3) microm2, respectively; P<0. 0001). Hypercholesterolemia resulted in a significant increase of lesion size in extracranial arteries but only a marginal increase in intracranial arteries. In analogy, hypercholesterolemia induced a much greater increase in the intimal presence of macrophages, apolipoprotein B, and oxidized LDL (oxidation-specific epitopes) in extracranial than in intracranial arteries. Immunocytochemistry did not indicate that lesions of intracranial arteries contain relatively less oxidized LDL than similar-size lesions of extracranial arteries. Activities of Mn-superoxide dismutase but not of Zn-superoxide dismutase, catalase, or glutathione peroxidase were significantly higher in both intracranial arteries. Exposure to hypercholesterolemia during fetal development results in extensive formation of fatty streaks in extracranial but not intracranial arteries. The fact that such a difference in lesion formation occurs in the absence of many other atherogenic risk factors found later in life suggests that differences in the atherogenic response to hypercholesterolemia are an important contributor to the slower onset of the disease in intracranial vessels in adults. Fetal arteries may allow elucidation of the mechanisms responsible, for example, better protection of intracranial arteries against free radical-mediated atherogenic processes.